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(57) ABSTRACT

A component mounting system and apparatus are provided
that include a component mounting apparatus with a substrate
holding device, a component supplying device, a head sup-
port portion, a mounting head and a forcing means. The
mounting head is detachably attached to the head support
portion. The mounting head of the system has a recording
medium in which information relating to the mounting head
is recorded. The system has an external storage portion that
stores a plurality of batches of information relating to a plu-
rality of mounting heads. The system further includes a rec-
ognizing portion that obtains and recognizes information
from the external storage corresponding to the mounting head
that is attached to the support portion.
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SUBSTRATE-RELATED-OPERATION
PERFORMING APPARATUS AND
SUBSTRATE-RELATED-OPERATION
PERFORMING SYSTEM

[0001] This application is a continuation of U.S. patent
application Ser. No. 10/535,895, filed on May 23, 2005,
which is a national stage of PCT/JP03/014757 filed Nov. 19,
2003, and which claims priority to Japanese Application No.
2002-337739 filed on Nov. 21, 2002 and Japanese Applica-
tion No. 2003-128348 filed on May 6, 2003. The entire dis-
closures of the prior applications are hereby incorporated
herein by reference in their entirety.

TECHNICAL FIELD

[0002] The present invention relates to a substrate-related-
operation performing apparatus that performs an operation
related to a circuit substrate that is combined with a circuit
component to provide an electronic circuit, and particularly to
a substrate-related-operation performing apparatus including
an operation performing head that performs an operation.

BACKGROUND ART

[0003] A substrate-related-operation performing apparatus
is an apparatus that performs an operation related to a circuit
substrate constituting an electronic circuit, and there are
known various sorts of substrate-related-operation perform-
ing apparatuses, such as a solder printing apparatus, an adhe-
sive applying apparatus, a component mounting apparatus, or
an inspecting apparatus that inspects results of a performed
operation. As a sort of substrate-related-operation performing
apparatus, there is known an apparatus of a type that includes,
as a main element thereof to perform an operation, an opera-
tion performing head that is moved relative to a circuit sub-
strate so as to perform the operation. Each of the above-
indicated adhesive applying apparatus, the component
mounting apparatus, and the inspecting apparatus is an
example of the apparatus of that type. In particular, the com-
ponent mounting apparatus includes, as the operation per-
forming head thereof, a mounting head that employs, as a
component holding tool thereof, a suction nozzle that takes a
component from a component supplying device and mounts
the component on a surface of a circuit substrate. Concerning
the operation performing head, for example, Japanese Patent
Application Publication No. 6-104596 discloses the art of
judging, when an arbitrary one of a plurality of suction
nozzles is selected and attached to an operation performing
head, whether the selected and attached suction nozzle is an
appropriate one.

DISCLOSURE OF THE INVENTION

[0004] As disclosed by the above-indicated patent docu-
ment, it is widely practiced to prepare a plurality of elements,
such as a plurality of suction nozzles, each of which can be
detachably attached as a constituent element of an operation
performing head, that is, which can be replaced with each
other on the operation performing head. For example, in the
case where a plurality of suction nozzles which can be
replaced with each other are prepared, it is possible to attach
detachably an appropriate one of the suction nozzles, depend-
ing upon a sort of a circuit substrate and/or a sort of circuit
components to be mounted on the circuit substrate. In this
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case, all the suction nozzles can be advantageously subjected
to maintenance. In addition, since various sorts of suction
nozzles can be detachably attached, a substrate-related-op-
eration performing apparatus can find its applications in a
wider scope. However, there has conventionally been pro-
posed no technique of using a plurality of operation perform-
ing heads that can each be detachably attached, i.e., can be
replaced with each other.

[0005] It is therefore an object of the present invention to
achieve at least one of various advantages, such as a high
usability or a wide applicability, that are required for a sub-
strate-related-operation performing apparatus. This object
may be achieved according to any of the following modes of
the present invention in the form of a substrate-related-opera-
tion performing apparatus, an operation performing head for
use with a substrate-related-operation performing apparatus,
a substrate-related-operation performing system, and an
operation-performing-head-use preparing program, each of
which is numbered like the appended claims and may depend
from the other mode or modes, where appropriate, to indicate
and clarify possible combinations of technical features. It is,
however, to be understood that the present invention is not
limited to the technical features or any combinations thereof
that will be described below for illustrative purposes only. It
is to be further understood that a plurality of features included
in any one of the following modes of the invention are not
necessarily provided altogether, and that the invention may be
embodied without at least one of the features described with
respect to each of the modes.

[0006] (1) A substrate-related-operation performing appa-
ratus, characterized by comprising an operation performing
head which is detachably attached to the apparatus, and oper-
ating, in a state in which the operation performing head is
attached to the apparatus, the operation performing head, and
thereby performing an operation related to a circuit substrate.

[0007] The substrate-related-operation performing appara-
tus in accordance with the present invention includes an
operation performing head, and is characterized in that the
operation performing head is detachably attached to the appa-
ratus. The substrate-related-operation performing apparatus
is not limited to any particular sorts so long as it includes an
operation performing head. For example, the present inven-
tion is applicable to various sorts of substrate-related-opera-
tion performing apparatuses, such as a component mounting
apparatus including a mounting head; an adhesive applying
apparatus including an applying head; or an inspection per-
forming apparatus including an inspecting head. Here, the
operation performing head is defined as a constituent element
of the substrate-related-operation performing apparatus that
performs a main portion of an operation performed by the
apparatus; for example, an element that is moved relative to a
circuit substrate. The substrate-related-operation performing
apparatus may additionally include a moving device that
moves the operation performing head relative to the circuit
substrate. In this case, the operation performing head in
accordance with the present invention may be defined as a
head that is detachably attached to the moving device.
According to the present invention, the operation performing
head per se is detachably attached to the apparatus, and this
feature is distinguished from a conventional technique
wherein a constituent element of an operation performing
head is detachably attached to the head. The phrase “detach-
ably attached” means that the operation performing head can
be easily attached and detached to and from the apparatus, for
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example, without using a tool. In short, that phrase means that
the head can be attached or detached at one touch. Since the
operation performing head can be detachably attached, the
usability of the substrate-related-operation performing appa-
ratus can be improved, because, e.g., the apparatus can be
easily subjected to maintenance.

[0008] (2) The substrate-related-operation performing
apparatus according to the mode (1), further comprising a
substrate holding device which fixes and holds the circuit
substrate; and a component supplying device which supplies
a plurality of circuit components, wherein the operation per-
forming head comprises a mounting head which holds each of
the circuit components supplied by the component supplying
device, takes said each circuit component from the compo-
nent supplying device, and mounts said each circuit compo-
nent on a surface of the circuit substrate fixed and held by the
substrate holding device, and accordingly the substrate-re-
lated-operation performing apparatus functions as a compo-
nent mounting apparatus.

[0009] According to this mode, the substrate-related-op-
eration performing apparatus functions as a component
mounting apparatus. Generally, the component mounting
apparatus includes a component holding device such as a
suction nozzle, and optionally includes an elevating and low-
ering device that elevates and lowers the component holding
device, and a rotating device that rotates the component hold-
ing device about an axis line thereof. The substrate-related-
operation performing apparatus in accordance with the
present invention is particularly advantageous for the case
where a mounting head including the component holding
device, the elevating and lowering device, and the rotating
device is detachably attached. The mounting head including
those devices is a precise element. Therefore, if the mounting
head can be detachably attached to the apparatus, the head can
often be checked for its maintenance. In many cases, the
component mounting apparatus includes an X-Y-robot-type
head moving device that moves the operation performing
head along a plane. In the case where the present invention is
applied to the component mounting apparatus, the operation
performing head is detachably attached to the head moving
device.

[0010] (3) The substrate-related-operation performing
apparatus according to the mode (1) or (2), wherein an arbi-
trarily selected one of a plurality of operation performing
heads is attachable, as said operation performing head, to the
apparatus.

[0011] A mode in which a current operation performing
head can be replaced with another operation performing head
is readable on the present mode. For example, when one
operation performing head is subjected to maintenance,
another operation performing head can be attached to the
apparatus so as to perform an operation. This contributes to
improving not only the usability of the apparatus but also an
operation efficiency of the same. The present mode encom-
passes not only a mode in which a plurality of operation
performing heads having an identical construction can be
replaced with each other, but also a mode in which a plurality
of operation performing heads having respective different
constructions can be replaced with each other.

[0012] (4) The substrate-related-operation performing
apparatus according to the mode (3), wherein the operation
performing heads have respective different constructions, and
an arbitrarily selected one of the operation performing heads
having the respective different constructions is attachable, as
said operation performing head, to the apparatus.
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[0013] According to the present mode, a plurality of opera-
tion performing heads having different constructions can be
replaced with each other. For example, two operation per-
forming heads that perform different sorts of operations can
be replaced with each other. The operation performing heads
that perform the different sorts of operations may include a
mounting head that performs a component mounting opera-
tion; an applying head that performs an adhesive applying
operation; and an inspecting head that performs an inspecting
operation. In the case where operation performing heads hav-
ing different constructions to such an extent that those heads
can perform different sorts of operations can be replaced with
each other, the substrate-related-operation performing appa-
ratus can enjoy a high versatility with respect to operations to
be performed, and accordingly can enjoy a largely improved
applicability. However, the present mode encompasses a
mode in which a plurality of operation performing heads
having different constructions to perform a same sort of
operation can be replaced with each other. As the mounting
head as an example of the operation performing head, there
are known various sorts of mounting heads that have different
constructions depending upon their applications, e.g., mount-
ing heads that employ different numbers of component hold-
ing devices, such as suction nozzles; mounting heads that
employ different devices that elevate and lower one or more
component holding devices; mounting heads that mount cir-
cuit components of different shapes or sizes; mounting heads
that mount circuit components at different speeds, etc. That s,
there are known mounting heads that employ different num-
bers of constituent elements; mounting heads that employ
constituent elements having different shapes; mounting
heads that employ constituent elements that do different
movements; or mounting heads that employ constituent ele-
ments having different functions. According to the present
mode, operation performing heads having different construc-
tions to perform a same sort of operation can be replaced with
each other, and accordingly the same sort of operation can be
performed in various manners. In this respect, the scope of
applicability of the substrate-related-operation performing
apparatus can be improved.

[0014] (5) The substrate-related-operation performing
apparatus according to any of the modes (1) through (4),
wherein said operation performing head comprises an indi-
vidual-information recording medium in which individual
information related to the operation performing head is
recorded, and wherein the substrate-related-operation per-
forming apparatus comprises a head-related-information rec-
ognizing portion which recognizes, based on the individual
information, head-related information related to the opera-
tion performing head attached to the apparatus.

[0015] When the operation performing head that can be
detachably attached is attached to the substrate-related-op-
eration performing apparatus, the usability of the apparatus is
further improved if the construction, status, etc. of the head
can be grasped by the apparatus. As will be described in detail
later, if the construction-related factors of the head attached to
the apparatus can be automatically recognized by the appa-
ratus, the apparatus can automatically carry out, e.g., steps of
preparing use of the head (hereinafter, referred to as the
“head-use preparing steps”, where appropriate). The head-
use preparing steps include selecting a software to drive the
head, or calibrating the head, and additionally include judg-
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ing whether the head is appropriate for use. The present mode
is advantageous when the head-use preparing steps are auto-
matically carried out.

[0016] The head-related information used in the present
mode may include head-construction-factor information,
head-status information, etc. that will be described later. In
the present mode, the operation performing head has its own
individual information. That is, the individual information
used in the present mode is information recorded in the head
per se, and accordingly it can be called “head-stored infor-
mation”. The individual information includes information
that is used in obtaining the head-related information; such as
head ID (identification) information representing an ID of the
operation performing head, or head type information repre-
senting a type of the head. The individual-information record-
ing medium may be a memory element such as a ROM or a
RAM, or a medium, such as an in-line package switch, that is
electrically connectable to provide information recorded
thereby. Alternatively, the recording medium may be a
medium, such as a bar code or a 2D (two-dimensional) code
(also called “QR code”) that is recognizable by a visual or
optical means so as to obtain information. Otherwise, the
recording medium may be selected from various sorts of
media, for example, a recording medium, such as a tag chip,
that includes a wireless communication means; or a recording
medium that utilizes, e.g., magnetism. When the operation
performing head employs, as the individual-information
recording medium, a particular sort of recording medium, the
substrate-related-operation performing apparatus employs a
means that can obtain or recognize information from that sort
of recording medium.

[0017] The head-related-information recognizing portion
recognizes, based on the individual information, the head-
related information. For example, the recognizing portion
may be one that performs calculations based on the individual
information and recognizes results of the calculations as the
head-related information, or one that obtains, by using the
individual information as a key, some information from inside
or outside the substrate-related-operation performing appa-
ratus, and recognizes the obtained information as the head-
related information. Alternatively, the individual information
may contain the head-related information. In this case, the
head has the head-related information, and the recognizing
portion recognizes the head-related information by just
obtaining the individual information.

[0018] (6) The substrate-related-operation performing
apparatus according to the mode (5), wherein the head-re-
lated-information recognizing portion comprises a construc-
tion-related-factor-information recognizing portion which
recognizes, as the head-related information, a head-construc-
tion-related-factor information representative of at least one
factor related to a construction of the operation performing
head attached to the apparatus.

[0019] In the present mode, the head-related information
includes at least one factor related to the construction of the
operation performing head. The head-construction-related
factor may be head-type information representing a type of
the head, or information representing respective positions
where various constituent elements of the head are provided.
Concerning a mounting head as an example of the operation
performing head, the head-type information may be informa-
tion that can identify a particular type of the mounting head,
such as a name indicative of that type; the greatest number of
suction nozzles that can be attached to the head; or shapes,
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sorts, or mounting speeds of suction nozzles that can be
attached to the head. In addition, the information representing
the constituent-element provision positions may be respec-
tive positions in a vertical or horizontal direction where hold-
ing members that hold respective suction nozzles are pro-
vided in the mounting head. As will be described later, the
head-construction-related-factor information can be used as
information to select a driver that operates the operation per-
forming head attached; information to judge whether the head
attached is appropriate for use; or information to determine a
reference position used in operating the mounting head.
[0020] (7) The substrate-related-operation performing
apparatus according to the mode (6), further comprising a
driver storage portion in which an operation-performing-
head driver as a software for enabling an operation of the
operation performing head attached to the apparatus, is
stored; and a head responding portion which stores, in the
driver storage portion, the operation-performing-head driver
corresponding to the operation performing head attached to
the apparatus, based on the head-construction-related-factor
information recognized by the construction-related-factor-
information recognizing portion.

[0021] Generally, the operation of the substrate-related-
operation performing apparatus is controlled by a control
device that is essentially constituted by a computer, and the
operation performing head, a feeder, etc. is driven according
to an exclusive software, i.e., a so-called “driver”. Thus, a
driver that operates the operation performing head can be
called “an operation-performing-head driver”, and different
sorts of operation performing heads need respective appro-
priate drivers. There is nothing the matter with the conven-
tional substrate-related-operation performing apparatus
wherein the operation performing head thereof cannot be
replaced, i.e., is fixed. On the other hand, in the present
substrate-related-operation performing apparatus wherein
the operation performing head thereof can be replaced, it is
needed to select a driver that corresponds to the operation
performing head attached to the apparatus, more specifically
described, corresponding to the construction of the head. In
the present mode, the driver corresponding to the head can be
automatically selected, and accordingly the head can be eas-
ily replaced with another head. In the case where a plurality of
sorts of drivers are prepared, those drivers may be stored
either inside or outside the substrate-related-operation per-
forming apparatus. In the latter case, the selected driver is
transmitted from outside to the apparatus. Thus, the present
mode is one of the modes that enable the substrate-related-
operation performing apparatus to perform automatically the
head-use preparing steps when the operation performing head
is replaced with another head.

[0022] (8) The substrate-related-operation performing
apparatus according to the mode (6) or (7), further comprising
a position-information obtaining portion which obtains,
based on the head-construction-related-factor information
recognized by the construction-related-factor-information
recognizing portion, a constituent-element position informa-
tion related to an operative movement of a constituent ele-
ment of the operation performing head attached to the appa-
ratus.

[0023] The operation performing head is a precise element,
but may have some manufacturing errors. In a substrate-
related-operation performing apparatus wherein the opera-
tion performing head thereof is fixed, respective positions of
the head per se or constituent elements thereof are adjusted
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after the head is assembled with the apparatus, so that the
manufacturing errors of the head may not adversely influence
accuracy of an operation to be performed by the head. On the
other hand, in the substrate-related-operation performing
apparatus wherein the operation performing head thereof can
be replaced with another head, in particular, wherein an arbi-
trarily selected one of various sorts of operation performing
heads can be detachably attached, manufacturing errors of
each head, or attachment of the head to a deviated position
may adversely influence the accuracy of the operation. The
present mode is for automatically adjusting positions related
to the head, so as to eliminate the influences caused by the
errors or the like, that is, carrying out so-called “calibration”.
For example, based on the recognized information represent-
ing factors of the constituent elements, in particular, informa-
tion representing positions where the constituent elements are
provided, the position-information obtaining portion obtains
information representing respective positions of the head
attached, and the constituent elements thereof, in the appara-
tus and carries out, based on the obtained information, adjust-
ments of the positions corresponding to the head attached.
When the substrate-related operation is performed, the opera-
tion performing head and the circuit substrate are moved
relative to each other, the adjustments of positions include
modification of pre-set positions related to the relative move-
ment. Concerning, e.g., the mounting head, it is possible to
adjust, based on information representing a position in a
vertical or horizontal direction where a suction-nozzle hold-
ing member as a constituent element of the head is provided
in the head, a pre-set position related to a relative movement
of a suction nozzle or the mounting head.

[0024] (9) The substrate-related-operation performing
apparatus according to any of the modes (5) through (8),
wherein the head-related-information recognizing portion
comprises a status-information recognizing portion which
recognizes, as the head-related information, a head status
information related to a status of the operation performing
head attached to the apparatus.

[0025] The present mode is for recognizing, based on the
individual information obtained from the operation perform-
ing head attached to the substrate-related-operation perform-
ing apparatus, the information related to the status of the head.
The head-status information may include, e.g., a state in
which the head is used, or a state of the head that is related to
an accuracy of an operation performed thereby. In addition,
the head-status information may include not only a state of the
head per se, but also a state of the head in relation with the
apparatus, e.g., a compatibility of the head with the apparatus.
More specifically described, the head-status information may
be how long the head has been operated; a time that has
elapsed after the last maintenance is carried out on the head;
a failure rate of the head; or a failure rate of the head when the
particular head is attached to the particular apparatus. The
head-status information can be used in, e.g., judging whether
the head is appropriate for use, as will be described later. The
head-status information may be recognized by gaining, based
on the individual information of the operation performing
head, access to a data base including respective production or
maintenance histories of various operation performing heads.
[0026] (10) The substrate-related-operation performing
apparatus according to the mode (9), further comprising a
head judging portion which judges, based on the head status
information recognized by the status-information recogniz-
ing portion, whether the operation performing head attached
to the apparatus is appropriate.
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[0027] The present mode is for judging, based on the status
of'the operation performing head, whether the head is appro-
priate, i.e., whether it is appropriate to perform the operation
using the head attached to the substrate-related-operation
performing apparatus. For example, the head judging portion
may judge whether the head per se is in a bad state and
accordingly cannot be used; or whether the head is not com-
patible with the apparatus and accordingly the use of the head
is not appropriate. The step of judging whether the head
attached is appropriate for use may be carried out as one of the
head-use preparing steps. Thus, the present mode is one of the
modes that enable the head-use preparing steps to be auto-
matically carried out. However, in a different mode than the
present mode, the present substrate-related-operation per-
forming apparatus may be modified such that the apparatus
makes the above judgment based on not the head-status infor-
mation but the head-construction-related-factor information.
In addition, according to a feature of the present mode, the
apparatus may make the above judgment based on both the
head-status information and the head-construction-related-
factor information.

[0028] (11) The substrate-related-operation performing
apparatus according to any of the modes (1) through (10),
further comprising an operation-performing-head moving
device which includes an X-direction moving device which
includes an operation-performing-head supporting member
to which the operation performing head is attached, and
moves the operation-performing-head supporting member in
an X direction along a straight line; and a Y-direction moving
device which moves the X-direction moving device in a 'Y
direction perpendicular to the X direction, wherein the opera-
tion-performing-head moving device moves the operation
performing head on a plane parallel to the circuit substrate.
[0029] (12) The substrate-related-operation performing
apparatus according to the mode (11), wherein in a state in
which the operation performing head is attached to the opera-
tion-performing-head supporting member, a length of a com-
bination of the operation performing head and the operation-
performing-head supporting member, in the X direction, is
not more than 60 mm.

[0030] (13) The substrate-related-operation performing
apparatus according to the mode (11) or (12), wherein a
weight of the combination of the operation performing head
and the operation-performing-head supporting member is not
more than 5 kg.

[0031] (14) The substrate-related-operation performing
apparatus according to any of the modes (11) through (13),
further comprising an image taking device which takes an
image of a fiducial mark affixed to a surface of the circuit
substrate and which is supported by the operation-perform-
ing-head supporting member such that the image taking
device is located at a position aligned, in the Y direction, with
the operation performing head attached to the operation-per-
forming-head supporting member.

[0032] In each of the above-indicated four modes (11)
through (14), the substrate-related-operation performing
apparatus can enjoy a small size, or a small load applied to the
operation-performing-head moving device. However, each of
the above-indicated four modes is applicable to a substrate-
related-operation performing apparatus wherein an operation
performing head thereof cannot be replaced with another
head, i.e., is fixedly provided.
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[0033] (15) A substrate-related-operation performing head
for use with a substrate-related-operation performing appa-
ratus, characterized in that the operation performing head is
detachably attached to the substrate-related-operation per-
forming apparatus, and is operated for the substrate-related-
operation performing apparatus to perform an operation
related to a circuit substrate.

[0034] (16) The substrate-related-operation performing
head according to the mode (15), wherein the substrate-re-
lated-operation performing apparatus comprises a substrate
holding device which fixes and holds the circuit substrate; and
a component supplying device which supplies a plurality of
circuit components, and wherein the operation performing
head comprises a mounting head which holds each of the
circuit components supplied by the component supplying
device, takes said each circuit component from the compo-
nent supplying device, and mounts said each circuit compo-
nent on a surface of the circuit substrate fixed and held by the
substrate holding device.

[0035] (17) The substrate-related-operation performing
head according to the mode (15) or (16), comprising an indi-
vidual-information recording medium in which individual
information related to the operation performing head is
recorded.

[0036] The above-indicated various modes of the operation
performing head in accordance with the present invention are
preferably employed by the above-described various modes
of the substrate-related-operation performing apparatus in
accordance with the present invention. Therefore, the
description of the former modes is omitted here.

[0037] (18) A substrate-related-operation performing sys-
tem comprising a substrate-related-operation performing
apparatus which includes an operation performing head that
is detachably attached to the apparatus, and which operates,
in a state in which the operation performing head is attached
to the apparatus, the operation performing head, and thereby
performs an operation related to a circuit substrate, the sub-
strate-related-operation performing system being character-
ized in that the operation performing head attached to the
apparatus comprises an individual-information recording
medium in which individual information related to the opera-
tion performing head is recorded, and that the system com-
prises a head-related-information external storage portion
which stores, outside the substrate-related-operation per-
forming apparatus, a plurality of batches of head-related
information respectively related to a plurality of said opera-
tion performing heads; and a head-related-information rec-
ognizing portion which obtains and recognizes, based on the
individual information, the batch of head-related information
corresponding to the operation performing head attached to
the apparatus, from the head-related-information external
storage portion.

[0038] The substrate-related-operation performing system
in accordance with the present invention includes the sub-
strate-related-operation performing apparatus wherein the
operation performing head thereof can be replaced with
another head, and obtains the above-described head-related
information, from an external device provided outside the
apparatus. The description of the present system is omitted
with respect to a portion thereof that is a duplication of the
foregoing description. The head-related-information external
storage portion is, e.g., a device that is essentially constituted
by a computer and functions like a data base. As previously
described, the head-related information may include the
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head-construction-related-factor information or the head-sta-
tus information. Therefore, the external storage portion may
include respective data bases corresponding to the different
sorts of head-related information, respectively. For example,
the external storage portion may employ a data base that
stores respective production history of the substrate-related-
operation performing apparatus and the operation performing
head, and a data base that stores various sorts of information
related to the constituent devices or elements of the substrate-
related-operation performing apparatus. Therefore, the
present system may employ one or more head-related-infor-
mation external storage portion or portions. In addition, the
head-related-information recognizing portion may be inte-
gral with, or separate from, the substrate-related-operation
performing apparatus. In the latter case, for example, if a
management device that is essentially constituted by a com-
puter, manages a plurality of substrate-related-operation per-
forming apparatuses in an integrated manner, and functions
like a host computer is employed by the present system, the
management device may be used as the separate information
recognizing portion. Alternatively, the above-indicated
device that functions like the data base may be used as the
separate information recognizing portion.

[0039] The substrate-related-operation performing system
in accordance with the present invention may be embodied
such that the head-related-information recognizing portion
includes at least one of the head-construction-related-factor-
information recognizing portion and the head-status-infor-
mation recognizing portion, or alternatively such that the
head-related-information recognizing portion includes at
least one of the head judging portion, the head responding
portion, and the position-information obtaining portion. Each
of the head-construction-related-factor-information recog-
nizing portion, the head-status-information recognizing por-
tion, the head judging portion, the head responding portion,
and the position-information obtaining portion may be pro-
vided integrally with either the substrate-related-operation
performing apparatus, or the above-indicated management
device or the device that functions like the data base. The
present system may be embodied in each of the above-de-
scribed manners, i.e., the manner that the operation perform-
ing head can be replaced with another head, the manner that
the different sorts of operation performing heads having the
different constructions can be replaced with each other, and
the manner that the substrate-related-operation performing
apparatus is limited to the component mounting apparatus.

[0040] (19) A program which is implemented by a com-
puter to prepare for use of an operation performing head
which is detachably attached to a substrate-related-operation
performing apparatus and which is operated for the substrate-
related-operation performing apparatus to perform an opera-
tion related to a circuit substrate, the program being charac-
terized by comprising an individual-information reading step
of reading, from an individual-information recording
medium which is provided in the operation performing head
attached to the apparatus, individual information related to
the operation performing head, and a head-related-informa-
tion recognizing step of recognizing, based on the read indi-
vidual information

[0041] (20) The operation-performing-head-use preparing
program according to the mode (19), wherein the head-re-
lated-information recognizing step comprises a construction-
related-factor-information recognizing step of recognizing,
as the head-related information, head-construction-related-
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factor information representative of at least one factor related
to a construction of the operation performing head attached to
the apparatus.

[0042] (21) The operation-performing-head-use preparing
program according to the mode (20), further comprising a
head responding step of storing, in a driver storage portion in
which an operation-performing-head driver as a software for
enabling an operation of the operation performing head
attached to the apparatus, is stored, the operation-performing-
head driver corresponding to the operation performing head
attached to the apparatus, based on the recognized head-
construction-related-factor information.

[0043] (22) The operation-performing-head-use preparing
program according to the mode (20) or (21), further compris-
ing a position-information obtaining step of obtaining, based
on the recognized head-construction-related-factor informa-
tion, a constituent-element position information related to an
operative movement of a constituent element of the operation
performing head attached to the apparatus.

[0044] (23) The operation-performing-head-use preparing
program according to any of the modes (19) through (22),
wherein the head-related-information recognizing step com-
prises a status-information recognizing step of recognizing,
as the head-related information, a head status information
related to a status of the operation performing head attached
to the apparatus.

[0045] (24) The operation-performing-head-use preparing
program according to the mode (23), further comprising a
head judging step of judging, based on the recognized head
status information, whether the operation performing head
attached to the apparatus is appropriate.

[0046] The above-indicated various modes of the opera-
tion-performing-head-use preparing program in accordance
with the present invention are related to a program for
enabling an automatic preparation of the use of the operation
performing head detachably attached to the substrate-related-
operation performing apparatus. Since the description of
those modes is a duplication of the foregoing description, it is
omitted here. It is, however, to be noted that each of those
modes may be embodied in each of the above-described
manners, i.e., the manner that the operation performing head
can be replaced with another head, the manner that the dif-
ferent sorts of operation performing heads having the difter-
ent constructions can be replaced with each other, and the
manner that the substrate-related-operation performing appa-
ratus is limited to the component mounting apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] FIG. 1 is a perspective view of a general arrange-
ment of a substrate-related-operation performing apparatus
as an embodiment of the present invention.

[0048] FIG. 2 is a perspective view of an arrangement of an
operation performing module constituting a portion of the
substrate-related-operation performing apparatus.

[0049] FIG. 3 is a perspective view of a conveyor unit
employed by the operation performing module.

[0050] FIG. 4 is a perspective view of a substrate-related-
operation performing device employed by the operation per-
forming module.

[0051] FIG. 5 shows respective perspective views of three
mounting heads each of which can be attached to the sub-
strate-related-operation performing device.
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[0052] FIG. 6 is a perspective view of a mounting head that
can be attached to the substrate-related-operation performing
device.

[0053] FIG. 7 shows perspective views for explaining an
attaching device that attaches the mounting head to a head
moving device.

[0054] FIG. 8 shows cross-section views of a head fixing
device that fixed the mounting head 21.

[0055] FIG. 9is adiagrammatic view for explaining control
functions of a module control device employed by each
operation performing module.

[0056] FIG. 10 is a schematic view for explaining a manner
in which substrate-related-operation performing apparatuses
are disposed in a factory.

[0057] FIG. 11 is a flow chart representing a head-use pre-
paring program that is implemented when an operation per-
forming head is attached.

[0058] FIG. 12 is a flow chart representing a head-related-
information recognition routine as a portion of the head-use
preparing program.

[0059] FIG. 13 is a flow chart representing a head judging
routine as a portion of the head-use preparing program.
[0060] FIG. 14 is a flow chart representing a calibration
routine as a portion of the head-use preparing program.
[0061] FIG. 15 is an illustrative view for explaining a
method of calculating a height position of the mounting head
attached.

[0062] FIG. 16 is an illustrative view for explaining a
method of determining a center of revolution of a mounting
unit.

[0063] FIG. 17 is an illustrative view for explaining a
method of calculating a center around which the mounting
unit is revolved for indexing.

[0064] FIG. 18 is a diagrammatic view for explaining the
control functions of the module control device that are related
to the head-use preparing program.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0065] Hereinafter, there will be described in detail, by
reference to the drawings, embodiments of the present inven-
tion. Itis, however, to be understood that the present invention
is by no means limited to the details of those embodiments but
may be embodied with various changes and improvements,
such as those described in DISCLOSURE OF THE INVEN-
TION, that may occur to a person skilled in the art.

<Construction of Substrate-Related-Operation Performing
Apparatus>

[0066] FIG. 1 is a perspective view of a substrate-related-
operation performing apparatus 1 as an embodiment of the
present invention. The substrate related operation performing
apparatus 1 includes a base module 10; a plurality of (eight)
operation performing modules 12 that are provided on the
base module 10 such that the operation performing modules
12 are adjacent to each other and are arranged in an array; and
a control module 13 that is separate from the base module 10
and the operation performing modules 12 and functions as an
operation-performing-apparatus control device. The opera-
tion performing modules 12 have a substantially identical
hardware construction except for an operation performing
head 21, described later, and are arranged in a direction in
which each circuit substrate is fed. In the description of the
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substrate related operation performing apparatus 1, the direc-
tion in which the operation performing modules 12 are
arranged will be referred to as the “left-and-right” direction;
and a direction perpendicular to the left-and-right direction
will be referred to as the “front-and-rear” direction. Thus, a
left and front portion of the figure will be referred to as the
“front” side of the substrate related operation performing
apparatus 1; and a right and rear portion of the figure will be
referred to as the “rear” side of the same 1. In addition, the left
side of the substrate related operation performing apparatus 1
is an upstream side of the apparatus 1; and the right side of the
apparatus 1 is adownstream side thereof. Thus, as each circuit
substrate is fed from the operation performing modules 12
located in the left, toward the modules 12 located in the right,
the modules 12 sequentially perform respective operations
related to the each circuit substrate.

[0067] Each one of the operation performing modules 12
employed by the substrate related operation performing appa-
ratus 1 can function as a substrate-related-operation perform-
ing apparatus in accordance with the present invention and, as
far as the present invention is concerned, each operation per-
forming module 12 can be construed as the substrate-related-
operation performing apparatus. However, as far as the
present embodiment is concerned, it is construed that the
plurality of operation performing modules 12 cooperate with
each other to function as the substrate-related-operation per-
forming apparatus in accordance with the present invention.
In addition, though each operation performing module 12 can
be used with various sorts of operation performing heads 21
such as an adhesive applying head or an inspection perform-
ing head, it is assumed, in the present embodiment, for easier
understanding purposes only, that the operation performing
head with which each operation performing module 12 is
used is only a mounting head that mounts a circuit component
such as an electronic component on a circuit substrate. Thus,
each operation performing module 12 functions as a mount-
ing module; and the substrate related operation performing
apparatus 1 functions as a component mounting apparatus. In
the following description, the substrate related operation per-
forming apparatus 1 may be referred to as the component
mounting apparatus 1, and the operation performing modules
12 may be referred to as the mounting modules 12, where the
description is focused on the component mounting operation
as the substrate-related operation.

[0068] FIG.2 isanenlarged view of two mounting modules
12 out of the above-described eight mounting modules 12,
and shows the right mounting module 12 in a state in which a
cover member thereof is removed. As shown in the figure,
each mounting module 12 includes a frame 14 functioning as
a main body thereof; and various devices that are supported
by the frame 14, for example, a plurality of tape feeders
(hereinafter, referred to as the “feeders”, if appropriate) 16,
arranged in an array, each of which functions as a component
supplying device that supplies a plurality of circuit compo-
nents, one by one, from a pre-determined component supply-
ing position; a conveyor unit 20 as a substrate holding device
that has a function of feeding each circuit substrate and fix-
edly holds the each circuit substrate at a pre-determined
operation performing position; and a substrate-related-opera-
tion performing device 22 that includes an operation perform-
ing head 21, and moves the operation performing head 21
within an operation performing area, so that the head 21
performs an operation related to the each circuit substrate. In
the present embodiment, the operation performing head 21
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functions as a mounting head that holds and takes a circuit
component supplied by an appropriate one of the feeders 16,
and mounts the component on a circuit substrate fixedly held
by the conveyor unit 20; and the substrate-related-operation
performing device 22 functions as a mounting device. In the
following description, the operation performing head 21 may
be referred to as the mounting head 21, and the substrate-
related-operation performing device 22 may be referred to as
the mounting device, where the description is focused on the
component mounting operation.

[0069] In addition, each mounting module 12 includes a
component camera 24 (i.e., a CCD camera) that is provided
between a group 18 of the feeders 16 (hereinafter, referred to
as the “feeder group”, if appropriate) and the conveyor unit 20
and mainly functions as a component-image taking device; a
nozzle stocker 25 as a component-holding-device storing
device that stores a plurality of suction nozzles each as a
component holding device, described later; and a nozzle-end-
height detector 27, described later. Moreover, each mounting
module 12 includes a module control device 26 (see FIG. 9)
that controls itself, i.e., respective operations of the above-
described various devices. In addition, each mounting mod-
ule 12 includes an operation and display panel 28 as an input
and output device that is provided in a top portion thereof and
is connected to the module control device 26. The operation
and display panel 28 receives various commands, informa-
tion, etc. that are inputted by an operator, and displays infor-
mation, etc that represents a status of the mounting module 12
and the constituent elements thereof, etc.

[0070] Each of the feeders 16 essentially includes a tape
feeding portion 40 and a reel holding portion 42. The reel
holding portion 42 holds a reel 46 around which a circuit-
component tape as circuit components supported by a base
tape and a cover tape (in particular, electronic components
supported by base and cover tapes may be called an elec-
tronic-component tape) is wound. The tape feeding portion
40 includes a drive source, and feeds, from the reel 46, the
circuit-component tape at a tape feeding pitch equal to a
component holding pitch at which the tape holds the circuit
components, such that the feeding of the tape corresponds to
the operation of the mounting device 22. As the circuit-com-
ponent tape is fed, the cover tape is peeled off the base tape
and the circuit components are supplied, one by one, from the
pre-determined component supplying position. Since the
feeders 16 and the circuit-component tape are well known in
the art, no further description thereof is provided here.

[0071] As shown in FIG. 3, the conveyor unit 20 is essen-
tially constituted by two conveyor devices, i.e., a front con-
veyor 72 and a rear conveyor 74. The front conveyor 72
includes two conveyor rails 76, 78 that are opposed to each
other; and the rear conveyor 74 includes two conveyor rails
80, 82 that are opposed to each other. Conveyor belts, not
shown, are circulated under the conveyor rails 76, 78, 80, 82,
respectively, by a conveyor motor 84. A circuit substrate 86 is
fed while being supported by each pair of conveyor belts. The
mounting modules 12 employ the respective conveyor units
20, such that the conveyor units 20 are arranged along a
straight line in the component mounting apparatus 1. The
respective conveyor units 20 of the mounting modules 12
cooperate with each other to feed the circuit substrate 86.
Thus, the conveyor units 20 cooperate with each other to
constitute a substrate feeding device of the component
mounting apparatus 1. Each of the conveyor rails 78, 80, 82
other than the conveyor belt 76 can be moved in the front-
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and-rear direction, by a conveyor-width adjusting motor 88,
s0 as to adjust freely a width of each conveyor unit 20. If only
one of the front and rear conveyors 72, 74 is used, a circuit
substrate having a great width can be fed by the one conveyor.
[0072] When the conveyor motor 84 is operated or driven,
the circuit substrate 86 is fed into the operation performing
area, and is stopped at the operation performing position as a
pre-determined stop position. Each conveyor unit 20 has, in a
lower portion thereof, circuit-substrate support plates (here-
inafter, referred to as the “support plates”, if appropriate) 90
that are moved upward and downward by respective elevating
and lowering devices, not shown. On each of the support
plates 90, there are provided a plurality of support pins, not
shown, such that each of the support pins can be moved to an
arbitrary position. When each support plate 90 is moved
upward, the circuit substrate 86 is moved upward while being
supported by the support pins, so that the circuit substrate 86
is lifted off the conveyor belts and is sandwiched by respec-
tive portions of the conveyor rails 76, 78 or the conveyor rails
80, 82, and the support pins. Thus, the circuit substrate 86 is
fixed at the above-described operation performing position.
The circuit substrate 86 can be released by lowering the
support plate 90. Thus, the conveyor unit 20 of each mounting
module 12 functions as a substrate holding device.

[0073] As shown in FIG. 4, the mounting device 22
includes the mounting head 21, and a head moving device 102
(as amounting-head moving device) that moves the mounting
head 21 along a substantially one plane within the operation
performing area. The head moving device 102 is a sort of
relatively moving device that moves at least one of the mount-
ing head 21 and the circuit substrate 86 held by the conveyor
unit 20, relative to the other of the mounting head 21 and the
circuit substrate 86. The mounting head 21 will be described
in detail, later. The head moving device 102 is an X-Y-robot-
type moving device, and includes a Y-slide device 112 as a
Y-direction moving device that moves the mounting head 21
in the front-and-rear direction (i.e., Y direction); and an
X-slide device 114 as an X-direction moving device that
moves the mounting head 21 in the left-and-right direction
(i.e., X direction). The Y-slide device 112 is supported by a
beam member 116 as a portion of the frame 14, and includes
aY slide 120 and a Y-axis motor 118 that moves, via a ball
screw, the Y slide 120 alongY guides 122. The X-slide device
114 is supported by the Y slide 120, and includes an X slide
128 and an X-axis motor 126 that moves, via a ball screw, the
X slide 128 along X guides 130. The mounting head 21 is
attached to the X slide 128 as an operation-performing-head
supporting member. A device for attaching the head 21 to the
X slide 128 will be described later. The head moving device
102 moves the mounting head 21 from the feeder group 18 to
the circuit substrate 86 fixed by the conveyor unit 20, and vice
versa. The X slide 128 supports, in a lower portion thereof, a
mark camera 132 (i.e., a CCD camera). The mark camera 132
functions as a substrate-image taking device, and takes
respective images of fiducial marks affixed to a surface of the
circuit substrate 86. The head moving device 102 moves the
mark camera 132 together with the mounting head 21.

<Construction of Operation Performing Head, and Manner of
Attaching and Detaching the Head>

[0074] Inthe presentembodiment, the mounting head 21 as
the operation performing head is attachable to, and detach-
able from, the head moving device 102. More specifically
described, an arbitrary one of a plurality of sorts of mounting
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heads 21 having different constructions is selected, and the
selected mounting head 21 is detachably attached to the head
moving device 102. That is, the mounting device 22 allows a
sort of mounting head 21 to be replaced with another sort of
mounting head 21. FIGS. 5(a), 5(5), and 5(c) show three sorts
of mounting heads 214, 215, 21¢, respectively, each of which
can be detachably attached as the operation performing head
21 to the head moving device 102. Briefly described, the
mounting head 21a, shown in FIG. 5(a), includes a plurality
of (eight) mounting units 140 each having a bar-like shape,
and intermittently revolves the mounting units 140. Each of
the mounting units 140 has, in a lower end portion thereof, a
suction nozzle 142 as a component holding device that holds,
by suction, a circuit component. In a state in which the mount-
ing head 21aq is positioned above the feeder group 18, one of
the mounting units 140 is moved downward, so that the suc-
tion nozzle 142 of the one mounting unit 140 may hold a
circuit component supplied at the component supplying posi-
tion of one of the feeders 16, and take the component from the
one feeder 16. As the mounting units 140 are intermittently
revolved, the mounting units 140 sequentially take respective
circuit components. In a state in which the mounting units 140
hold the respective circuit components, the mounting head
21a is moved to a position above the circuit substrate 86
fixedly held by the conveyor unit 20. Then, one of the mount-
ing units 140 that is currently positioned at the same position
as the position where each mounting unit 140 is moved down-
ward to take the circuit component, is moved downward so
that the circuit component currently held by the one mounting
unit 140 may be mounted on the surface of the circuit sub-
strate 86. As the mounting units 140 are intermittently
revolved, the mounting units 140 sequentially mount the
respective circuit components held thereby, on the circuit
substrate 86. Thus, the mounting head 21a is preferably used
to mount, at a high speed, circuit components having a con-
siderably small size. A mounting head, not shown, that is of
the same sort as that of the mounting head 21a but has a
different number of mounting units 140 than the number of
the mounting units 140 of the mounting head 21a, may be
attached as the mounting head 21 to the head moving device
102.

[0075] The mounting head 21¢, shown in FIG. 5(¢), has a
single mounting unit 140. At a position above one of the
feeders 16, and at a position above the circuit substrate 86, the
single mounting unit 140 is moved downward. Thus, when
the mounting head 21c¢ is reciprocated one time between the
one feeder 16 and the circuit substrate 86, one circuit com-
ponent is mounted on the circuit substrate 86. A mounting
speed at which the mounting head 21¢ mounts circuit com-
ponents is considerably low, but the mounting head 21¢ can
support a suction nozzle 142 having a considerably large size
and accordingly can mount circuit components having a con-
siderably large size or a special shape. Thus, the mounting
head 21¢ can be used as a general-purpose mounting head 21.
The mounting head 215, shown in FIG. 5(b), has two mount-
ing units 140. Thus, the mounting head 2154 has its character-
istics that are intermediate between those of the mounting
head 21a and those of the mounting head 21c¢. A front-side
one of the two mounting units 140 has a plurality of suction
nozzles 142 that radially extend from an axis line perpendicu-
lar to the axis line of the one mounting unit 140, such that the
suction nozzles 142 can be revolved around the former axis
line and accordingly an arbitrary one of the suction nozzles
142 can be selected for use. Each mounting module 12 can be
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used with one of the above-described various sorts of mount-
ing heads 21 that is arbitrarily selected depending upon the
sort of the mounting operation to be performed. Each of
FIGS. 2 and 4 shows the mounting head 21a employed as the
mounting head 21.

[0076] The construction of the mounting head 21 will be
described in more detail by reference to the mounting head
21a shown in FIG. 6. The mounting head 21« is constructed
to include a main body 280 as a skeleton thereof, various
constituent components or devices thereof that are provided
in respective areas, and a cover member 282 (see FIG. 5).
FIG. 6 shows the mounting head 214 with the cover member
282 being removed.

[0077] The mounting head 214 includes a plurality of, e.g.,
eight mounting units 140 each of which holds, in a free end
portion thereof, a suction nozzle 142 as a circuit-component
holding device. Though not shown, each suction nozzle 142
communicates with a negative pressure air channel and a
positive pressure air channel via a positive-and-negative-
pressure selective supply device 292 (see FIG. 9), and is
constructed such that a free end of the each nozzle 142 applies
a negative pressure to an electronic component so as to hold,
by suction, the component, and applies a low positive pres-
sure to the component so as to release the component. The
mounting units 140 having a generally bar-like shape are held
by an outer circumferential portion of a unit holding body 294
that is intermittently rotated, such that the mounting units 140
are equiangularly spaced from each other and an axial direc-
tion of each mounting unit 140 is vertical. Each of the mount-
ing units 140 is rotatable about an axis line thereof, and is
movable in the axial direction thereof. The unit holding body
294 is driven by a unit-holding-body rotating device 298
including, as a drive source thereof, a holding-body rotating
motor 296 as a sort of electric motor (e.g., a servomotor with
an encoder), such that the unit holding body 294 is intermit-
tently rotated (also called “is indexed”) at an angular pitch
equal to an angular pitch at which the mounting units 140 are
equiangularly spaced from each other and accordingly each
of'the mounting units 140 is intermittently revolved for index-
ing. At a unit elevating and lowering station as one of a
plurality of stop positions where each of the mounting units
140 is stopped while being intermittently rotated, the each
mounting unit 140 is elevated and lowered by a unit elevating
and lowering device 302 including, as a drive source thereof,
a unit elevating and lowering motor 300 as a sort of electric
motor (e.g., a servomotor with an encoder). Thus, the each
mounting unit 140 being positioned at the unit elevating and
lowering station takes an electronic component from an
appropriate one of the feeders 16, and mounts the component
onthe circuit substrate 86 held by the conveyor unit 20. To this
end, the mounting unit 140 is lowered by a pre-determined
distance. In addition, each mounting unit 140 is rotated about
an axis line thereof by a unit rotating device 306 including, as
a drive source thereof, a unit rotating motor 304 as a sort of
electric motor (e.g., a servomotor with an encoder), for the
purpose of, e.g., adjusting a rotation position at which the
electronic component sucked and held by the each mounting
unit 140 is mounted on the circuit substrate 86. The unit
holding body 294 is constructed in such a manner that the
plurality of mounting units 140 are simultaneously rotated
about the respective axis lines thereof. Thus, the description
of the general construction of the mounting head 214 ends.
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[0078] The other mounting heads 215, 21¢ have a construc-
tion similar to that of the mounting head 214, but have the
following differences: The mounting head 21¢ includes only
one mounting unit 140, and does not include the unit-holding-
body rotating device 298 employed by the mounting head
21a. The mounting head 215 include two mounting units 140
each one of which can be elevated and lowered independent
of'the other mounting head 140. Thus, the mounting head 215
employs two unit elevating and mounting devices, not shown,
and one of the two mounting units 140 includes a nozzle
selecting device, not shown, that selects an arbitrary one of a
plurality of suction nozzles 142.

[0079] Asdescribed above, the mounting head 21 is detach-
ably attached to the X slide 128, whereby the head 21 is
detachably attached to the head moving device 102. Herein-
after, there will be described an attaching device for detach-
ably attaching the mounting head 21 to the head moving
device 102. FIG. 7(a) is a perspective rear view of the mount-
ing head 21; and FIG. 7(b) is a perspective front view of the X
slide 128.

[0080] A rear portion 330 of the main body 280 of the
mounting head 21 constitutes an attachment portion of the
head 21; and a front portion 332 of the X slide 128 constitutes
a support portion of the slide 128. The front portion 332 hasa
vertical front surface 332a extending in a vertical direction, as
shown in FIGS. 2, 4, 6 and 7(b). The rear portion 330 of the
main body 280 has, in a lower portion thereof, two leg por-
tions 334, and has, in an upper portion thereof, an engaging
block 336. Meanwhile, the front portion 332 of the X slide
128 has, in a lower portion thereof, two leg support portions
338 for supporting the two leg portions 334, respectively, and
additionally has, in a portion thereof above the leg support
portions 338, two lower engaging rollers 340. Each of the two
leg support portions 338 extends substantially perpendicu-
larly from the vertical front surface 332a of the front portion
332, as shown in FIG. 7(5). In addition, the front portion 332
of the X slide 128 has, in an upper portion thereof, a head
fixing device 342 (see FIG. 4) that engages a portion of the
engaging block 336 and thereby fixes the block 336, and
additionally has, in a portion thereof below the head fixing
device 342, an engaging hole 346 that has two upper engaging
rollers 344 and receives the engaging block 336. In a state in
which the mounting head 21 is attached to the X slide 128, the
rear portion 330 of the main body 280 and the front portion
332 of the X slide 128 are held in close contact with each
other.

[0081] Each of the two leg portions 334 has a wedge-like
free end that can fit in a V-shaped groove of a corresponding
one of the two leg support portions 338. The V-shaped groove
of'each of the leg support portions 338 has an inclined surface
338a facing toward the vertical front surface 332a of the front
portion 332, as shown in FIG. 7(6). Thus, a position of the
mounting head 21 in the vertical direction can be defined. In
addition, two opposite inner surfaces of respective upper por-
tions of the two leg portions 334 that are distant from each
other by a distance smaller than that of respective lower
portions of the same 334 cooperate with each other to define
a space 335 to receive the two lower engaging rollers 340, as
shown in FIGS. 7(a) and 7(5), and can closely engage respec-
tive outer circumferential surfaces of the two lower engaging
rollers 340. Moreover, two side surfaces of the engaging
block 336 can closely fit in a space between respective outer
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circumferential surfaces of the two upper engaging rollers
344. Thus, a position of the mounting head 21 in the left-and-
right direction can be defined.

[0082] FIGS. 8(a) and 8(b) show two cross section views of
the head fixing device 342, respectively. More specifically
explained, FIG. 8(a) shows a cross-section view of the X slide
128, taken along a plane passing through a center of the same
128 in the left-and-right direction: and FIG. 8(b) is a cross-
section view of the X slide 128, taken along A-A in FIG. 8(a).
The head fixing device 342 includes a latch pin 362 that can
engage a latch roller 360 (see FIG. 7) provided in an upper
portion of the engaging block 336. More specifically
described, the latch pin 362 of the head fixing device 342 is
supported by a pin support hole 364 provided in an upper
portion of the front portion 332, such that the latch pin 362 is
movable in the vertical direction, and the head fixing device
342 additionally includes a latch-pin operating device 366
that moves the latch pin 362 upward and downward. The
latch-pin operating device 366 includes a rod 368 having a
certain degree of flexibility; a disc-like cam plate 370 that is
fixedly provided on one end of the rod 368 such that the cam
plate 370 is eccentric with the rod 368; a generally tubular rod
support member 372 that supports the rod 368 such that the
rod 368 can be rotated about an axis line thereof, and a grip
374 that is fixedly provided on the other end of the rod 368 and
is operable for rotating the rod 368. The rod support member
372 of the latch-pin operating device 366 is fixed to the upper
portion ofthe front portion 332 of the X slide 128 (see FIG. 7).
The latch pin 362 has, in an upper portion thereof, a groove
376 that has a width somewhat greater than an outer diameter
of the cam plate 370, and engages the same 370. When the
grip 374 is rotated, the latch pin 362 is moved upward and
downward. For the purpose of easily operating the grip 374,
the rod support member 372 of the latch-pin operating device
366 has a shape that is downwardly bent so that the grip 374
is positioned at a low position.

[0083] When the mounting head 21 is attached to the X
slide 128, first, the grip 374 is rotated in one direction (e.g.,
counterclockwise as seen from a front side of the grip 374, in
the present embodiment), so that the latch pin 362 is moved
upward. In this state, the rear portion 330 of the mounting
head 21 is held in close contact with the front portion 332 of
the X slide 128, and then the grip 374 is rotated in the opposite
direction (e.g., clockwise as seen from the front side of the
grip 374, in the present embodiment). Consequently the latch
pin 362 is moved downward and, just before the pin 362
reaches the lowest position thereof, an inclined surface 378
formed in a lower end of the pin 362 engages an outer cir-
cumferential surface of the latch roller 360. When the grip
374 is further rotated in the same direction, the latch pin 362
latches the latch roller 360 by pressing, owing to the effect of
the inclined surface 378, the mounting head 21 downward and
rearward. Though this state can be kept by a frictional force
that is produced between an outer circumferential surface of
the cam plate 370 and a lower one of two opposite surfaces
defining the groove 376, this state is assuredly kept by a
torsion spring 380 that is employed by the latch-pin operating
device 366 so as to bias the rod 368 in the direction to move
the latch pin 362 downward. When the mounting head 21 is
detached from the X slide 128, the grip 374 is rotated in the
above-indicated one direction.

[0084] In the present embodiment, the operation perform-
ing module 12 can be used with an arbitrary one of various
sorts of operation performing heads 21. However, the com-
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mon attaching device is used to attach each of the various
operation performing heads 21. Owing to the attaching
device, each operation performing head 21 can be detached,
in one step, from the X slide 128, and can be attached, in one
step, to the same 128. The operation performing head 21,
attached to the X slide 128, can be controlled by the module
control device 26. To this end, respective electric-power lines
and respective control-signal lines of the operation perform-
ing head 21 that are used to drive the respective constituent
elements of the same 21 are connected to the head moving
device 102. This connection can be carried out, in one step, by
using connectors, not shown. The operation performing head
21 includes a memory chip 400 (see FIG. 5) as an individual-
information recording medium that records individual infor-
mation identifying the head 21 itself. The memory chip 400
can also be connected to the module control device 26. The
memory chip 400 is a RAM chip that is backed up by a
battery, and in which various sorts of information can be
recorded. The information recorded in the memory chip 400
and the manner of use of the information will be described
later.

<Factors of Operation Performing Head>

[0085] Inthe present embodiment, the mounting head 21 is
a small-size operation performing head. In particular, a width
of the mounting head 21 (i.e., a length of the same 21 in the
substrate-feed direction (i.e., the X direction), in the state in
which the head 21 is attached to the X slide 128, i.e., “x” in
FIG. 4) is small, i.e., not more than 60 mm. Out of the
above-described three sorts of mounting heads 21a, 215, 21c¢,
the mounting head 21a of the index type is used to mount
considerably small circuit components. The mounting head
21a includes the suction nozzles 142 that are provided such
that respective centers of the nozzles 142 are located on a
circle whose diameter is not more than 40 mm. A width of the
X slide 128 to which the mounting head 21 is attached is equal
to that of the head 21. Though, in the present embodiment, the
mark camera 132 as the substrate-image taking device is
provided on not the mounting head 21, but the X slide 128, the
mark camera 132 is located at a position aligned with the head
21 in a direction perpendicular to a widthwise direction of the
slide 128 (i.e., the Y direction perpendicular to the direction of
movement of the slide 128). This also contributes to decreas-
ing the width of the X slide 128. In the present embodiment,
a length of the mounting module 12 in the substrate-feed
direction, i.e., a width of the each module 12 is considerably
small. However, since the respective widths of the mounting
head 21 and the X slide 128 are considerably small, the head
21 can mount circuit components in a considerably large
range in a widthwise direction thereof.

[0086] Out of the three sorts of mounting heads 21a, 215,
21c, the mounting head 21a of the index type has the greatest
weight, e.g., about 2 kg. Since the mark camera 132 is sepa-
rate from the mounting head 21, the weight of the head 21 is
decreased as such. Meanwhile, a weight of the X slide 128
including the mark camera 132 is, e.g., about 2 kg. Thus, in
the head moving device 102 as the X-Y robot type moving
device, the X-slide device 114 moves, as an object to be
moved, the mounting head 21 and the X slide 128 a weight of
a combination of which is not more than 5 kg. Thus, a load
applied to the head moving device 102 is considerably small.
Therefore, the mounting head 21 can be moved at a high
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speed, and the mounting module 12 can enjoy a high produc-
tivity. In addition, since the mounting head 21 is light, the
head 21 produces less vibration or consumes less energy.

<Control Device>

[0087] The substrate related operation performing appara-
tus 11s controlled by the respective module control devices 26
of the operation performing modules 12, and the control
module 13 as the operation-performing-apparatus control
device that controls the operation performing modules 12 in
an integrated manner. However, an essential portion of the
operation performed by each operation performing modules
12 is performed under control of the module control device 26
of the each module 12. FIG. 9 is a diagrammatic view of a
relevant portion of the module control device 26 of each
operation performing module 12.

[0088] The module control device 26 is essentially consti-
tuted by acomputer 410 including a PU (processing unit) 412,
a ROM 414, a RAM 416, an input and output interface 418,
and a bus connecting those elements 412, 414, 416, 418 to
each other. The feeders 16 or the feeder group 18, the con-
veyor unit 20, and the head moving device 102 are connected
to the input and output interface 418 via respective drive
circuits 422. In addition, the module control device 26
includes a head drive circuit 424 that drives the operation
performing head 21, and the head 21 is connected to the input
and output interface 418 via the head drive circuit 424. In
addition, the component camera 24 and the mark camera 132
are connected to the input and output interface 418 via respec-
tive control circuits 426, and image data indicating the image
taken by each of'the two cameras 24, 132 are sent to the input
and output interface 418 via an image processing unit 428
after the image data are processed by the unit 428. The opera-
tion and display panel 28, and an external storage device 430
that is essentially constituted by a hard disc as a sort of
memory are connected to the input and output interface 418.
In the substrate related operation performing apparatus 1, all
the operation performing modules 12 perform the respective
operations while communicating various sorts of signals with
each other. To this end, the other operation performing mod-
ules 12 are connected to the input and output interface 418 via
a communication circuit 432. In addition, the control module
13 that functions like a host computer in relation with the
module control devices 26 is also connected to the input and
output interface 418 via the communication circuit 432, so
that the input and output interface 418 can communicate
signals, information, etc. with the control module 13. That is,
the operation performing modules 12 and the control module
13 are connected to each other via a LAN 434. The external
storage device 430 stores an operating system, various appli-
cation programs such as a mounting program corresponding
to each sort of circuit substrate, various sorts of data related to
circuit components, etc. When a mounting operation is per-
formed, necessary programs and data are sent from the exter-
nal storage device 430 to the RAM 416 and are stored by the
same 416, so that the mounting operation may be performed
based on the programs and data stored by the RAM 416.
[0089] Next, the operation performing head 21 will be
described in detail. The diagrammatic view of FIG. 9 shows
that the mounting head 21a as the operation performing head
21 is attached to the operation performing module 12, such
that the positive-and-negative-pressure selective supply
device 292, the holding-body rotating motor 296, the unit
elevating and lowering motor 300, and the unit rotating motor
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304 are connected to the head drive circuit 424. Thus, depend-
ing upon the sorts of the operation performing heads 21 each
attached to the operation performing module 12, different
sorts of actuators, drive sources, etc. may be connected to the
head drive circuit 424. The various devices belonging to the
operation performing head 21, such as the feeders 16 or the
conveyor unit 20, are driven by respective exclusive “drivers”,
i.e., software programs used to operate those devices. The
drivers correspond to respective constructions of those
devices. The operation performing head 21 is driven by an
operation-performing-head driver and, for example, the
mounting head 21a is driven by an exclusive mounting-head
driver. The various sorts of drivers are stored by a driver
storage portion as a portion of the external storage device 430.
For example, when the mounting head 21a is attached to the
operation performing module 12, the module control device
26 reads, from the external storage device 430, the exclusive
head driver corresponding to the mounting head 21a, and
transmits the head driver to the RAM 416, so as to build an
operating program corresponding to the mounting head 21a.
In addition, the memory chip 400 of the operation performing
head 21 is connected to the input and output interface 418, so
that the computer 410 can communicate information with the
head 21.

[0090] Though not shown, the control module 13 as the
operation-performing-apparatus control device is essentially
constituted by a computer including a PU, a ROM, a RAM,
and an input and output interface, and additionally includes
an external storage device, an input device such as a key-
board, an output device such as a display, etc. The control
module 13 can communicate various sorts of signals and data
with each of the operation performing modules 12, and con-
trols all the operation performing modules 12 in an integrated
manner. In addition, control module 13 functions as a data
base that stores various sorts of data that are needed by the
substrate related operation performing apparatus 1. The
respective mounting programs corresponding to the opera-
tion performing modules 12 are supplied from the control
module 13. Moreover, the control module 13 can enable the
substrate related operation performing apparatus 1 to com-
municate with external devices.

[0091] FIG. 10 schematically shows a manner in which a
plurality of substrate related operation performing appara-
tuses 1 are disposed in a factory. More specifically described,
three substrate related operation performing apparatuses 1 of
a same type are provided. The three apparatuses 1 are con-
nected to each other such that they can transmit, and receive,
information to, and from, each other, and each of the appara-
tuses 1 is connected to various sorts of management comput-
ers (two management computers 440, 442 are shown in the
figure), so as to transmit, and receive, information to, and
from, each other. The substrate related operation performing
apparatuses 1 and the management computers 440, 442 are
connected to each other via a LAN 444. There are various
sorts of management computers such as one functioning as a
data base that stores various operation performing programs
corresponding to various sorts of circuit substrates, or one
functioning as a data base that stores data representing factors
of each sort of circuit substrate. Out of those management
computers, FIG. 10 shows a production-history management
computer 440 functioning as a data base that stores data
related to a production history of each substrate related opera-
tion performing apparatus 1, and a module-device manage-
ment computer 442 functioning as a data base that stores
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information related to the module’s devices such as the opera-
tion performing heads 21 or the feeders 16. When the opera-
tion performing heads 21 are replaced with each other, each of
the two management computers 440, 442 functions as a head-
related-information external storage portion that stores, out-
side each substrate related operation performing apparatus 1,
head-related information that is related to each of the opera-
tion performing heads 21. Information representing how each
substrate related operation performing apparatus 1 has per-
formed production operations is sent to the production history
management computer 440, and the thus sent information
contains information indicating what sorts of operation per-
forming heads 21 have been used in the production opera-
tions. In addition, information related to results of inspection
of circuit substrates on which operations have been per-
formed, is also sent to the production-history management
computer 440, and the management computer 440 manages,
as one of production history parameters, a failure rate with
respect to each of the operation performing heads 21. The
production history management computer 440 and the mod-
ule-device management computer 442 will be described in
detail, later.

<Component Mounting Operation>

[0092] Next, there will be briefly described a component
mounting operation that is performed by one mounting mod-
ule 12 to which the mounting head 21a is detachably attached.
A circuit substrate 86 that is fed from the upstream side is
stopped, by the conveyor unit 20, at the operation performing
position pre-determined in the operation performing area.
The circuit substrate 86, stopped at the operation performing
position, is fixed and held there by the conveyor unit 20, since
the circuit-substrate support plate 90 is elevated by the elevat-
ing and lowering device. Subsequently, the head moving
device 102 moves the mark camera 132 to positions above the
fiducial marks affixed to the circuit substrate 86, so that the
mark camera 132 takes respective images of the fiducial
marks. Based on image data representing the thus taken
images, positional errors of the circuit substrate 86 held by the
conveyor unit 20 are determined.

[0093] Then, the mounting head 214 is moved to a position
above the feeder group 18, and the suction nozzles 142 of the
head 21a hold, by suction, respective circuit components in a
predetermined sequence. More specifically described, the
mounting unit 140 that is currently positioned at the unit
elevating and lowering station is moved to a position above
the component supply position on the feeder 16 so as to
supply a circuit component to be taken by thatunit 140 and, at
that position, the unit 140 is lowered while a negative pressure
is supplied to the suction nozzle 142 held by the lower end of
the unit 140. Thus, the mounting unit 140 holds, by suction,
the circuit component. After the mounting units 140 are inter-
mittently revolved, the following mounting unit 140 carries
out a similar component taking action. Thus, the mounting
units 140 of the mounting head 21a sequentially carry out
respective component taking actions (eight actions in total, in
each of normal mounting operations).

[0094] Then, the mounting head 21a holding the circuit
components are moved to a position above the component
camera 24. At that position, the component camera 24 takes,
at once, an image of all the circuit components, held by the
head 21a, that fall in a field of view of the camera 24. Based
on image data representing the taken image, respective errors
of the circuit components held by the head 21a are deter-
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mined. Subsequently, the mounting head 21a is moved to
above the circuit substrate 86, and sequentially mounts, in a
predetermined sequence, the circuit components held
thereby, on a surface of the circuit substrate 86. More specifi-
cally described, the mounting unit 140 that is currently posi-
tioned at the unit elevating and lowering station is moved to a
position above an appropriate component-mount position on
the circuit substrate 86. To this end, based on the respective
determined amounts of positional errors of the circuit sub-
strate 86 and the respective determined amounts of positional
errors of the circuit component held by the mounting unit 140,
amounts of movement of the mounting head 214 are adjusted.
At the above-indicated position, the mounting unit 140 is
lowered by a predetermined distance, while a positive pres-
sure is supplied to the suction nozzle 142. Thus, the circuit
component held by the nozzle 142 is mounted on the surface
of the circuit substrate 86. After the mounting units 140 are
intermittently revolved, the following mounting unit 140 car-
ries out a similar component mounting action. Thus, the
mounting units 140 of the mounting head 21a sequentially
carry out respective component mounting actions. However,
before each mounting unit 140 is lowered in the component
mounting action, the mounting unit 140 is rotated to an appro-
priate rotation position, about the axis line thereof, based on
a predetermined rotation position at which the circuit com-
ponent held thereby is to be mounted on the circuit substrate
86, the detected amounts of positional errors of the circuit
substrate 86, and the detected amounts of positional errors of
the circuit component. Thus, the circuit component adjusted
to the appropriate rotation position is mounted on the circuit
substrate 86.

[0095] Till all circuit components pre-programmed to be
mounted have been actually mounted, the mounting head 21
is reciprocated between the feeder group 18 and the circuit
substrate 86, while repeating the component taking actions
and the component mounting actions. After all the circuit
components have been mounted, the support plate 90 of the
conveyor unit 20 is lowered by the elevating and lowering
device, so that the circuit substrate 86 is released from the
fixed and held state thereof. Then, the circuit substrate 86 is
fed toward the downstream side by the conveyor unit 20.
Thus, the mounting module 12 finishes the component
mounting operation that is pre-programmed to be performed
on the circuit substrate 86.

[0096] In the component mounting apparatus 1 including
the plurality of mounting modules 12, when all the mounting
modules 12 finish their respective component mounting
operations on the circuit substrate 86, the component mount-
ing apparatus 1 finishes its component mounting operation on
the same 86. Thus, the component mounting apparatus 1
mounts circuit components on circuit substrates, while the
circuit substrates are fed, one after another, from the upstream
side toward the downstream side, through the individual
mounting modules 12, and the individual mounting modules
12 sequentially perform the respective pre-programmed
mounting operations on each of the circuit substrates. More
specifically described, the circuit substrates are carried, one
after another, into the upstream-side mounting modules 12, so
that the mounting modules 12 mount the circuit components
on the circuit substrates; and the circuit substrates are carried,
one after another, out of the downstream-side mounting mod-
ules 12, after the mounting modules 12 have mounted the
circuit components on the circuit substrates. The carrying-in
operation to carry the circuit substrates into the component



US 2011/0225811 Al

mounting apparatus 1, and the carrying-out operation to carry
the circuit substrates out of the component mounting appara-
tus 1 may be performed by a carry-in device and a carry-out
device that are provided in the vicinity of the most upstream
mounting module 12 and the most downstream mounting
module 12, respectively, and each of which is essentially
constituted by a conveyor device.

<Preparing Steps Related to Attachment of Operation Per-
forming Head>

[0097] As described above, each of the operation perform-
ing modules 12 can be used with an arbitrary one of the
plurality of operation performing heads 21. When one opera-
tion performing head 21 is initially attached to one operation
performing module 12, the particular module 12 carries out
preparing steps to use the particular head 21. Hereinafter,
there will be described preparing steps related to attachment
of'operation performing head 21, for example, with respect to
the case where the mounting head 21a is attached.

[0098] The preparing steps related to the attachment of
mounting head 21a are controlled by the module control
device 26 of the operation performing module 12 to which the
mounting head 21q is attached. More specifically described,
a head-use preparing program stored by the ROM 414 of the
module control device 26 is implemented by the computer
410. FIG. 11 shows a flow chart representing the head-use
preparing program. The preparing steps will be described
below by reference to the flow chart. After the mounting head
21a is attached, first, at Step S1, the mounting head 21a is
recognized. More specifically described, head-related infor-
mation such as head-construction-related-factor information
representative of factors related to the construction of the
mounting head 214, or head-status information representative
of'astatus ofthe head 21a is recognized, and accordingly how
the head 21a is constructed or in what status the head 21a is
can be recognized. Step S1 is followed by Step S2 to judge,
based on the recognized head-related information, whether
the use of the mounting head 21« is appropriate. Ifit is judged
that the use is not appropriate, an operator is informed of that
fact, and the preparing steps are quitted. On the other hand, if
it is judged that the use is appropriate, the control of the
computer 410 goes to Step S3 to select an operation-perform-
ing-head driver that is suitable for the mounting head 21a, and
thereby enable the head 214 to operate. Step S3 is followed by
Step S4 to carry out, based on the recognized head-construc-
tion-related-factor information, adjustments related to the
indexing revolving of the mounting units 140. Step S4 is
followed by Step S5 where appropriate suction nozzles 142
are attached to the respective ends of the mounting units 140.
After the suction nozzles 142 are attached, the control goes to
Step S6 to carry out calibration. In short, this calibration is to
address errors of attachment of the mounting head 214, that is,
adjust and fix the positions to be taken by the mounting head
21a during its operation, more specifically described, the
command values representing those positions. In the above-
explained manner, the head-use preparing steps are carried
out. Hereinafter, there will be described each of the preparing
steps, in detail.

i) Recognition of Head-Related Information

[0099] Step S1,i.e., thehead-related-information recogniz-
ing step is carried out according to a head-related-information
recognition routine represented by a flow chart shown in FIG.

Sep. 22,2011

12. First, at Step S11, head-stored information that is stored
by the memory chip 400 of the mounting head 21a is read.
Thus, Step S11 is an individual-information reading step. The
head-stored information is individual information related to
the mounting head 21a, and includes head ID data represent-
ing an ID (identification) of the head 21a; and data represent-
ing factors related to the construction of the head 214, such as
head type data representing a type of the head 214, pitch data
representing an angular pitch at which the mounting units 140
of the head 214 are provided (hereinafter, referred to as the
“unit-provision angle data”, where appropriate), or data rep-
resenting a height position of a nozzle holding portion of each
of the mounting units 140 relative to a reference position
(hereinafter, referred to as the “unit-height position data”,
where appropriate). The unit-provision angle data or the unit-
height position data are a sort of information related to a
position where a constituent element of the mounting head
21a is provided.

[0100] Subsequently, at Step S12, the computer 410 reads,
from the above-described module-device management com-
puter 442, data related to the mounting head 214, based on the
head ID data read at Step S11. The module-device manage-
ment computer 442 stores a data base including various sorts
of information related to various sorts of devices and tools
that are present in the factory. The read head ID data are sent
via the control module 13 to the module-device management
computer 442. The management computer 442 searches,
using the head ID data as a key, for information related to the
mounting head 21a, and sends the thus obtained information
via the control module 13 to the module control device 26.
Thus, the necessary information is read from the management
computer 442. The information read from the management
computer 442 includes the head-construction-related-factor
information such as the unit-provision angle data and the
unit-height position data. The management computer 442
additionally stores information related to maintenance of
various devices and tools, such that the information is related
to the head ID data. More specifically described, the mainte-
nance-related information includes data related to date and
time when the last maintenance was carried out, data related
to a cumulative operation time of each device or tool after the
last maintenance (hereinafter, referred to as the “after-main-
tenance operation time”, where appropriate), etc. Thus, at
Step S12, the after-maintenance operation time of the mount-
ing head 21a attached is read as a sort of head-status infor-
mation.

[0101] Subsequently, at Step S13, the computer 410 reads,
from the above-described production history management
computer 440, the data related to the mounting head 21a,
based on the head ID data read at Step S11. The production
history management computer 440 stores a data base includ-
ing respective batches of production history information rep-
resenting respective production history of the various sorts of
substrate-related-operation performing apparatuses present
in the factory. Each batch of production history information
includes data representing a failure rate. At Step S13, the
module control device 26 sends the above-indicated head ID
data identifying the mounting head 21a, and module ID data
identifying the mounting module 12 to which the head 21a is
attached, to the production history management computer
440 via the control module 13. Using the head ID data as a
key, the management computer 440 produces, based on the
information stored thereby, data representing a failure rate of
the mounting head 21a with respect to a pre-determined time
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duration prior to the current time (hereinafter, referred to as
the “predetermined-time-duration failure rate”, where appro-
priate). In addition, using the head ID data and the module ID
data as keys, the management computer 440 produces data
representing a failure rate of the mounting head 21a in the
pre-determined time duration in the state in which the head
21a is attached to the particular mounting module 12, i.e., a
module-related predetermined-time-duration failure rate.
Then, the management computer 440 sends the thus produced
data representing the predetermined-time-duration failure
rate and the module-related predetermined-time-duration
failure rate, each regarding the mounting head 21a, to the
module control device 26 via the control module 13. Thus, at
Step S13, the module control device 26 obtains the predeter-
mined-time-duration failure rate information and the module-
related predetermined-time-duration failure rate information
each as a sort of head-status information.

[0102] Subsequently, at Step S14, the computer 410 recog-
nizes, from the information read at Steps S11 and S12, infor-
mation representing factors related to the construction of the
mounting head 21a. More specifically described, first, the
computer 410 compares the unit-provision angle data and the
unit-height position data read from the memory chip 400,
with the unit-provision angle data and the unit-height position
data read from the module-device management computer
442, and judges whether those data agree with each other. If,
in a state in which the mounting head 21ais detached from the
mounting module 12, the head 21a is subjected to adjustment
and/or maintenance, those data stored by the memory chip
400 of the head 21a may be updated. Therefore, if a negative
judgment is made at Step S14, the data stored by the memory
chip 400 are used to replace the data stored by the module-
device management computer 442. If a positive judgment is
made at Step S14, the computer 410 stores the unit provision
angle data and the unit height position data, together with the
head type data, etc, in a head-construction-related-factor-
information storage portion as a portion of the RAM 416.
Subsequently, the computer 410 recognizes, from the infor-
mation read at Steps S11, S12, and S13, information repre-
senting a status of the mounting head 21a. More specifically
described, the computer 410 stores the after-maintenance
operation time data read at Step S12, and the predetermined-
time-duration failure rate data and the module-related prede-
termined-time-duration failure rate data each read at Step
S13, in a head-status information storage portion as a differ-
ent portion of the RAM 416. Thus, the recognition of the head
status information is finished.

i) Judgment about Whether Head is Appropriate

[0103] Step S2, i.e., the step of judging whether the head is
appropriate is carried out according to a head judgment rou-
tine represented by the flow chart of FIG. 13. First, at Step
S21, the computer 410 makes a judgment based on a head
type. In the module control device 26, the RAM 416 stores, in
amounting-program storage portion thereof, a mounting pro-
gram that is used when the mounting module 12 performs a
mounting operation. At Step S21, the computer 410 compares
the stored head type data with the contents of the mounting
program, and thereby judges whether the type of the mount-
ing head 21a attached to the mounting module 12 is appro-
priate for the mounting operation according to the mounting
program. If a positive judgment is made, the control of the
computer 410 goes to Step S22 to make a judgment based on
the after-maintenance operation time of the mounting head
21a. More specifically described, if the stored after-mainte-
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nance operation time is more than a reference use limit time,
the computer 410 judges that the mounting head 21a needs
maintenance, and accordingly judges that the head 214 is not
appropriate, so as to stop a further use of the head 21a. On the
other hand, if the after-maintenance operation time is not
more than the reference use limit time, the computer 410
judges that the mounting head 21a is appropriate, and allows
a further use of the head 21a.

[0104] If a positive judgment is made at Step S22, the
control goes to Step S23 to make a judgment based on the
predetermined-time-duration failure rate. More specifically
described, if the stored predetermined-time-duration failure
rate is more than a reference limit failure rate corresponding
to the particular sort of circuit substrates to be used, the
computer 410 judges that the mounting head 214 is not appro-
priate. If a positive judgment is made at Step S23, the control
goes to Step S24 to make a judgment based on the module-
related predetermined-time-duration failure rate. It can be
said that this judgment is made to judge whether the particular
operation performing module 12 and the particular operation
performing head 21 are compatible with each other. Like at
Step S23, if the stored module-related predetermined-time-
duration failure rate is more than the reference limit failure
rate corresponding to the particular sort of circuit substrates
to be used, the computer 410 judges that the mounting head
21a is not appropriate. The judgment at each of Steps S23 and
S24 is made using the reference limit failure rate that is
pre-set for the particular sort of circuit substrates to be used in
the mounting operation and is proper to those substrates. For
example, in the case where a mounting operation needs to be
performed with high accuracy, a low limit failure rate is
pre-set. The reference limit failure rate is described as a
portion of the mounting program, and is read from the mount-
ing program, i.e., data representing the program.

[0105] If a positive judgment is made at Step S24, the
control goes to Step S3. On the other hand, if a negative
judgment is made at any of Steps S21, S22, S23, and S24, the
control goes to Step S25 to inform the operator of the fact that
the mounting head 21a is not appropriate. More specifically
described, the computer 410 controls the operation and dis-
play panel 28 to display the fact that the mounting head 21a is
not appropriate, and a reason for the fact. After the fact is
informed, the head-use preparing program is quitted. In
response to what is displayed by the panel 28, the operator can
remove the mounting head 214 and attach another mounting
head 21a.

iii) Selection of Driver, Adjustment of Indexing Revolution,
and Attachment of Nozzle

[0106] At Step S3, a driver is selected. As previously
explained, the external storage device 430 stores various sorts
of drivers corresponding to the various sorts of operation
performing heads 21. At Step S3, the computer 410 selects,
based on the recognized type of the mounting head 21a
attached to the mounting module 12, one of the stored drivers
that corresponds to the recognized type, and sends the
selected driver to the RAM 416, so that the selected driver is
stored in the driver storage portion of the RAM 416 and an
operation performing program corresponding to the mount-
ing head 21q is built in an operation-performing-program
area of the RAM 416. Thus, the computer 410 becomes able
to control the operation of the mounting head 21a.

[0107] After the driver is selected, the control goes to Step
S4 to carry out adjustments about the indexing revolving of
the mounting units 140. First, one of the mounting units 140
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that is pre-selected as a reference unit is positioned at a
designed angular position of the unit elevating and lowering
station. In this state, the unit holding body 294 is stopped at an
angular position, i.e., a rotation stop position for the reference
unit to stop at the unit elevating and lowering station. Subse-
quently, based on the recognized unit-provision angle data,
the unit holding body 294 is rotated for indexing, so that the
other mounting units 140 are sequentially positioned at the
unit elevating and lowering station. In the state in which each
of'the other mounting units 140 is stopped at the unit elevating
and lowering station, a rotation stop position at which the unit
holding body 294 is stopped is detected, and the thus detected
rotation stop position is stored in a holding-body-rotation-
stop-position storage portion of the RAM 416. From that time
on, when each of the mounting heads 140 is stopped at the unit
elevating and lowering station, the rotation of the unit holding
body 294 is stopped at a corresponding one of the stored
rotation stop positions. Those adjustments of rotation stop
positions for indexing are carried out for preventing a manu-
facturing error of each of individual mounting heads 21 from
adversely influencing the accuracy of mounting operation to
be performed by the each head 21, and they are an example of
the adjustments of operation performing positions of the
mounting head 21a based on the head-construction-related-
factor information. In addition, the adjustments of rotation
stop positions for indexing can be said as a sort of calibration
step.

[0108] Subsequently, at Step S5, the suction nozzles 142
are attached to the mounting units 140 of the mounting head
21a, respectively. The suction nozzles 142 to be used with the
mounting head 21a are described in a portion of the mounting
program, and the suction nozzles 142 to be attached to the
head 214 are determined according to the mounting program.
After this determination, the mounting head 21a is moved to
a position above the previously-described nozzle stocker 25,
and the mounting units 140 are sequentially lowered and
elevated while the unit holding body 294 is intermittently
rotated, i.e., indexed. Thus, the suction nozzles 142 accom-
modated at respective pre-determined positions in the nozzle
stocker 25 are attached to the mounting units 140, respec-
tively. The suction nozzles 142 can be identified from each
other by respective nozzle 1D data. Thus, at Step S5, the
nozzle ID data identifying the suction nozzle 142 attached to
each of the mounting units 140 are stored in an attached-
nozzle-information storage portion of the RAM 416. In addi-
tion, length data (described later) representing a length of the
suction nozzle 142 attached to the each mounting unit 140 is
stored such that the length data are associated with the nozzle
1D data identifying the suction nozzle 142.

iv) Calibration

[0109] Step S6, i.e., the calibration step is carried out
according to a calibration routine represented by the flow
chart of FIG. 14. First, at Step S61, a height position of the
lower end of the suction nozzle 142 attached to the above-
described reference unit as one of the mounting units 140, is
detected by the nozzle-end-height detector 27. To this end, in
the state in which the reference unit is positioned at the unit
elevating and lowering position, the mounting head 21q is
moved to a position where the reference unit is positioned
above the detector 27. Subsequently, the reference unit is
slowly lowered. An upper surface of the nozzle-end-height
detector 27 is used as a reference height position for the
mounting module 12. The detector 27 is adapted to detect a
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state in which the lower end ofthe suction nozzle 142 contacts
the upper surface of the detector 27. When the reference unit
is lowered till the lower end of the suction nozzle 142 reaches
the reference height position, the computer 410 measures a
stroke of downward movement of the reference unit from an
upper, start height position. Thus, in the present step, the
measured stroke of downward movement of the reference
unit is used as a detected value of the height position of the
lower end of the suction nozzle 142.

[0110] Then, at Step S62, a head height position, i.e., a
height position where the mounting head 214« is attached to
the mounting module 12 is calculated. FIGS. 15(a) and 15(b)
illustratively show a method of calculating the head height
position. In the figure, symbol “H,” indicates the above-
described reference height position; and symbol “H,” indi-
cates a designed height position where the mounting head 21a
is to be attached. As previously explained, the unit height
position data corresponding to each of the mounting units 140
are stored in the RAM 416. The stored unit height position
data represent, on an assumption that the mounting head 21a
is attached at the designed attachment height position H, and
areference nozzle (having a length 1, with respect to a portion
thereof between the nozzle holding portion and the lower end
of the nozzle) is attached to the head 21a, a stroke L of
downward movement of the mounting unit 140 that is needed
for the lower end of the reference nozzle to reach the reference
height position H,,. FIG. 15(a) shows a downward-movement
stroke L, corresponding to the reference unit. An actual
length 1 of the suction nozzle 142 attached to each mounting
unit 140 is already stored in the RAM 416, as described
above. The suction nozzle 142 attached to the reference unit
has a length 1,. If; as illustrated in FIG. 15(5), the mounting
head 21a is attached at the designed attachment height posi-
tion H,, a downward-movement stroke L,' of the reference
unit should be measured, as follows: L,'=L,-(1,-1,). How-
ever, if a downward-movement stroke of the reference unit is
actually measured as [, ", it means that an actual attachment
height position H, is deviated from the designed attachment
height position H,, as illustrated in FIG. 15(4). Thus, an error
AH of attachment of the mounting head 214 is obtained, as
follows: AH=H,-H,=[.,"-L,". Thus, at Step S62, the head
attachment height position is calculated by calculating the
attachment error AH, and the calculated attachment error AH
is stored in a head-attachment-height-position storage portion
of the RAM 416.

[0111] Subsequently, at Step S63, a height position of each
of the mounting units 140 is adjusted. Based on the stored
batches of unit height position data L | through L correspond-
ing to the eight mounting units 140 (the suffixed numbers 1
through 8 indicate the first through eighth mounting units
140, respectively; this applies to the following description),
the respective lengths 1, through 15 of the respective suction
nozzles 142 attached to the eight mounting units 140, and the
calculated attachment error AH of the mounting head 21a,
respective height positions of the mounting heads 140 are
determined and commanded.

[0112] Subsequently, the control goes to Step S64 to deter-
mine, based on image data provided by the component cam-
era 24, a center of rotation of each of the mounting units 140.
The suction nozzle 142 attached to the each mounting unit
140 may not be coaxial with the center of rotation of the each
mounting unit 140, because of, e.g., bending of the nozzle
142. FIG. 16 illustrates a method of determining a center, R,
of rotation of each mounting-unit 140, based on a position,
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N1, of the lower end of the suction nozzle 142 when the each
mounting unit 140 takes a reference rotation position, and a
position, N2, of the lower end of the suction nozzle 142 when
the each mounting unit 140 is rotated by 180 degrees from the
reference rotation position. The positions N1, N2 are deter-
mined based on the image data. More specifically described,
the rotation center R is determined as a midpoint of a straight
segment connecting between the positions N1, N2. At Step
S64, first, all the mounting units 140 are positioned within the
field of view of the component camera 24, by moving the
mounting head 21a so that a designed center of indexing
revolution of each of the mounting units 140 is positioned at
aposition on an optical axis line of the component camera 24.
Atthat position, the mounting unit 140 being positioned at the
unit elevating and lowering station is rotated to determine the
rotation center R of the mounting unit 140 in the above-
described method. In a state in which the mounting head 21a
is kept stationary, the mounting units 140 are sequentially
revolved for indexing, so as to determine a rotation center of
each of the mounting heads 140. To this end, the respective
height positions of respective lower ends of the respective
suction nozzles 142 of the mounting units 140 are adjusted to
be equal to the lowest height position of all those height
positions and, in this state, respective images of the suction
nozzles 142 are taken by the component camera 24. The
component camera 24 is disposed such that the thus adjusted
height positions of respective lower ends of the suction
nozzles 142 are around the deepest position within a depth of
field of the camera 24.

[0113] Then, at Step S65, a position of the attached mount-
ing head 21a in a horizontal plane is calculated based on the
respective measured rotation centers R of the mounting units
140, obtained at Step S64. More specifically described, a
center of indexing revolution of each of the mounting units
140 is calculated. FIG. 17 illustrates a method of calculating
a center about which each of the mounting units 140 is
revolved for indexing. Since the unit-provision angle data 6,
through 0, are stored as described above, it is possible to plot,
on a plane, the measured rotation centers R, based on the
stored unit-provision angle data 6, through Og. In FIG. 17,
symbols R through R, indicate the respective measured rota-
tion centers of the mounting units 140, plotted on the plane.
Based on the rotation centers R, through R, an actual center,
O, of indexing revolution can be approximately calculated in
a geometric manner. Next, the thus calculated indexing-revo-
Iution center O' is compared with a designed indexing-revo-
Iution center, O, when the mounting head 21« is attached at a
designed position. In FIG. 17, the actual indexing-revolution
center O' is deviated from the designed indexing-revolution
center O, by an amount AX in the left-and-right direction and
by an amount AY in the front-and-rear direction. Those devia-
tionamounts, i.e., attachment errors (AX, AY) are stored in an
indexing-revolution-center error storage portion of the RAM
416.

[0114] Oncethe actual indexing-revolution center O' is cal-
culated, respective rotation centers of the mounting units 140
relative to the actual indexing-revolution center O' can be
calculated, and accordingly respective deviations (Ax,, Ay,)
through (Axg, Ayy) of the respective measured or actual rota-
tion centers of the mounting units 140 from the thus calcu-
lated rotation centers of the mounting units 140 can be
obtained. Those deviations are also utilized in adjusting the
positions to which the mounting head 214 is to be moved, as
will be described later.
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[0115] Then, at Step S66, the component camera 24 is used,
like at Step S64, to take respective images of the suction
nozzles 142 attached to the mounting units 140 and determine
another or second rotation center of each of the same 140. At
Step S66, the respective second rotation centers of the mount-
ing units 140 are determined based on the image data obtained
in a state in which the respective lower ends of the suction
nozzles 142 are positioned at a different height position from
the height position where the respective lower ends of the
suction nozzles 142 are positioned to determine the respective
first rotation centers of the mounting heads 140 at Step S64.
More specifically described, at Step S64, the lower end of
each suction nozzle 142 is positioned around the deepest
position within the depth of field of the component camera 24,
whereas at Step S66, the lower end of each suction nozzle 142
is positioned around the shallowest position within the depth
of field of the component camera 24 that is lower than the
deepest position. However, the second rotation centers of the
mounting units 140 are determined in the same method as that
employed at Step S64, and the description of the method is
omitted. Thus, the first and second rotation centers of each of
the mounting units 140 are obtained at the different height
positions, and accordingly respective second deviations
(Ax,', Ay,") through (Axg', Ayg") of the respective actual rota-
tion centers of the mounting units 140 are obtained in addition
to the respective first deviations (Ax,, Ay, ) through (Ax,, Ayy)
of'the respective actual rotation centers of the mounting units
140, obtained at Step S64.

[0116] Then, at Step S67, the positions to which the mount-
ing head 21a is to be moved are adjusted based on the errors
(AX, AY) of the indexing-revolution center of each of the
mounting units 140 and the above-indicated first and second
deviations (Ax, Ay), (AX', Ay') (the suffixed numbers 1
through 8 are omitted) of the each mounting unit 140. More
specifically described, the first and second deviations corre-
sponding to the different height positions, respectively, are
used to obtain a third deviation and thereby estimate an incli-
nation of each mounting unit 140. Thus, even though each
mounting unit 140 may be elevated or lowered to an arbitrary
height position, a deviation of the rotation center of the each
mounting unit 140 at that height position from a theoretical
rotation center of the same 140 can be estimated in a geomet-
ric manner. Since the attachment errors (AX, AY) of the
indexing-revolution center of each mounting unit 140 are
additionally taken into account, the mounting head 21a can be
moved to an accurate position corresponding to the particular
height position of the each mounting unit 140, and accord-
ingly it can accurately perform the mounting operation. The
first and second deviations (Ax, Ay), (AX', Ay') of each of the
mounting units 140 are stored in a unit-deviation storage
portion of the RAM 416 and, based on those deviations,
positions to which the mounting head 21a are to be subse-
quently moved are determined and commanded.

<Functions of Module Control Device>

[0117] In the present embodiment, the preparing steps
related to the attachment of the operation performing head 21
are carried out by the module control device 26 according to
the head-use preparing program, as previously described.
Various functions of the module control device 26 that are
involved in the preparing steps will be described below by
reference to FIG. 18. Like the foregoing description, the
following description will be made on an assumption that the
mounting head 21« is attached.
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[0118] The module control device 26 includes four main
portions that are involved in the head-use preparing steps. The
first one of the four main portions is a head-related-informa-
tion recognizing portion 500 including a portion that carries
out Step S1, i.e., the head-related-information recognizing
step in which the head-related information is recognized
based on the individual information of the mounting head
21a, i.e., the head-stored information that is stored by the
memory chip 400 as the individual-information recording
medium of the mounting head 21a. The head-related-infor-
mation recognizing portion 500 includes a construction-re-
lated-factor-information recognizing portion 502 and a sta-
tus-information recognizing portion 504. The construction-
related-factor-information  recognizing  portion 502
recognizes the head-construction-related-factor information
including the head type data, the unit provision angle data,
and the unit height position data, and carries out Steps S12,
S14, etc. The status-information recognizing portion 504 rec-
ognizes the head-status information including the after-main-
tenance operation time data, the predetermined-time-dura-
tion failure rate data, and the module-related predetermined-
time-duration failure rate data, and carries out Steps S12, S13,
S15, etc. The head-related information is recognized in such
a manner that necessary information is obtained, using the
head ID data as a key, from the module-device management
computer 440 and the production-history management com-
puter 442 each of which functions as a head-related-informa-
tion external storage portion 506. That is, that the necessary
information is obtained means that the head-related informa-
tion is recognized. The RAM 416 includes, in a head-related-
information area thereof, a head-construction-related-factor-
information storage portion 508 and a head-status-
information storage portion 510 each of which corresponds to
the head-related-information recognizing portion 500.

[0119] The module control device 26 includes, as the sec-
ond one of the four main portions thereof, a head judging
portion 512. The head judging portion 512 is for judging
whether the mounting head 21a attached is appropriate for
use, and carries out Step S2. Based on the head-related infor-
mation recognized by the head-related-information recogniz-
ing portion 500, the head judging portion 512 judges whether
the use of the mounting head 21« is appropriate. The head
judging portion 512 is divided into two portions one of which
makes a judgment based on the head type data as the head-
construction-related-factor information, and the contents of
the mounting program stored by a mounting-program storage
portion 514 of the RAM 416, and the other of which makes
respective judgments based on the after-maintenance opera-
tion time data, the predetermined-time-duration failure rate
data, and the module-related predetermined-time-duration
failure rate data, each as the head-status information.

[0120] The module control device 26 includes, as the third
one of the four main portions thereof, a head responding
portion 516. In short, the head responding portion 516 is for
carrying out a preparing step to enable a control of the mount-
ing head 21a attached. This preparing step is carried out by
storing the operation-performing-head driver corresponding
to the mounting head 21q, in a driver storage portion 520
provided in an operating program area 518 of the RAM 416.
The head responding portion 516 carries out Step S3, etc.

[0121] The module control device 26 includes, as the fourth
one of the four main portions thereof, a position-information
obtaining portion 522 that is for obtaining, based on the
recognized head-construction-related-factor information, the
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constituent-element-position information as the position
information related to the operative movement of each of the
constituent elements of the mounting head 21a, and carrying
out so-called “calibrations”, i.e., Steps S4, S6, etc. in the
above-described head-use preparing steps. Based on the
information stored by an attached-nozzle-information stor-
age portion 524 of the RAM 416, e.g., the nozzle length data
related to the suction nozzles 142 attached, the previously
recognized unit provision angle data and unit height position
data, etc., the constituent-element-position information is
obtained. To this end, the measurement results, such as the
images taken by the component camera 24 or the height
positions detected by the nozzle-end-height detector 27, are
used, as needed. In the head-use preparing steps, the follow-
ing data are obtained as the constituent-element-position
information: the rotation stop positions of the unit holding
body 294 for the indexing revolution of each of the mounting
units 140; the error AH of the attachment height position of
the mounting head 21a; the errors (AX, AY) of the indexing-
revolution center; and the deviations (Ax, Ay) of each of the
mounting units 140. The thus obtained rotation stop posi-
tions, error AH, errors (AX, AY), and deviations (Ax, Ay) are
stored in a holding-body-rotation-stop-position storage por-
tion 528, a head-attachment-height-error storage portion 530,
an indexing-revolution-center-error storage portion 532, and
a unit-deviation storage portion 534, respectively, and are
utilized in controlling the operation of the mounting head 21.

1. A substrate-related-operation performing apparatus con-
figured to perform an operation to a surface of a circuit sub-
strate, the surface having a fiducial mark, the apparatus com-
prising:

an operation performing head which is configured to per-

form the operation to the circuit substrate;

an operation-performing-head moving device which

includes

an X-direction moving device which includes an opera-
tion-performing-head supporting member to which
the operation performing head is attached, and is con-
figured to move the operation-performing-head sup-
porting member in an X-direction; and

a Y-direction moving device which is configured to
move the X-direction moving device in a Y-direction
perpendicular to the X-direction, wherein the opera-
tion-performing-head moving device moves the
operation performing head on a plane parallel to the
circuit substrate; and

an image taking device which is configured to take an
image of the fiducial mark affixed to the surface of the
circuit substrate and which is supported by the opera-
tion-performing-head supporting member such that the
image taking device is located at an aligned position
which is aligned, in the Y-direction, with the operation
performing head attached to the operation-performing-
head supporting member.

2. The substrate-related-operation performing apparatus

according to claim 1, further comprising:

a substrate feeding device having an upstream side config-
ured to accept the circuit substrate and a downstream
side configured to accept the circuit substrate from the
upstream side, defining a feeding direction, the substrate
feeding device being configured to stop the circuit sub-
strate, at a predetermined operation position, wherein



US 2011/0225811 Al

the X-direction moving device is configured to move the
operation-performing-head supporting member in the
X-direction parallel to the feeding direction, and

the operation-performing-head supporting member has a
lower portion configured to support the image taking
device at said aligned position which is aligned, in the
Y-direction, with the operation performing head
attached to the operation-performing-head supporting
member.

3. The substrate-related-operation performing apparatus
according to claim 2, wherein the operation performing head
is detachably attached to the operation-performing-head sup-
porting member.

4. The substrate-related-operation performing apparatus
according to claim 2, further comprising a component sup-
plying device configured to supply a plurality of circuit com-
ponents, wherein
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the operation performing head includes a mounting head
configured to hold each of the circuit components sup-
plied by the component supplying device, and config-
ured to mount said each circuit component on the surface
of the circuit substrate stopped at the predetermined
operation position, and

the component supplying device is aligned, in the Y-direc-

tion, with the predetermined operation position.

5. The substrate-related-operation performing apparatus
according to claim 2, wherein, in a state in which the opera-
tion performing head is attached to the operation-performing-
head supporting member, a length of a combination of the
operation performing head and the operation-performing-
head supporting member, in the X-direction, is not more than
60 mm.



